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ade by metoprolol and atropine, intrinsic heart rate (IHR) and the factors m (sympathetic
tone) and n (vagal tone). To compare our results with those of other studies who used
heart rate variability (HRV) to indirectly assess autonomic tone, we also measured a
standard set of time domain (SDNN, CV, pNN50) and frequency domain (VLF, LF, HF)
HRV parameters preceding autonomic blockade.
Results. HR, IHR and all HRV parameters in the low and high fit group differed signifi-
cantly (P<0.05). However sympathetic tone (m) and vagal tone (n) were not significantly
different. See Table. 
Conclusions. Our HRV findings are comparable with those of other groups, who then 
usually conclude that there are autonomic differences between the low and high fit 
groups. Our direct pharmacological assessment of autonomic tone shows that such a 
conclusion is incorrect: the difference in resting heart rate between the low and high fit 
groups is caused by a difference in intrinsic heart rate.
1033-111 Influence of Heart Failure Etiology on the Prognostic 
Value of Peak Oxygen Consumption and the Minute 
Ventilation-Carbon Dioxide Production Slope
Ross Arena, Jonathan Myers, Syed Salman Aslam, Elsa Varughese, Mary Ann Peberdy, 
Virginia Commonwealth University, Richmond, VA, VA Palo Alto Health Care System, 
Palo Alto, CA
Background: Ventilatory expired gas analysis consistently demonstrates prognostic sig-
nificance in the heart failure (HF) population. Peak oxygen consumption (VO2) and the
minute ventilation-carbon dioxide production (VE/VCO2) slope are viewed as holding the
most prognostic value. While the literature establishing their prognostic value is robust,
little has been done to examine the impact of HF etiology. The present study investigates
the effect of HF etiology on these prognostic markers.
Methods: 235 subjects underwent exercise testing with ventilatory expired gas analysis.
The overall group was divided into ischemic (110 male/17 female) and non-ischemic (94
male/14 female) groups and tracked for the occurrence of cardiac-related events for one
year post testing.
Results: Age (61.4 vs. 52.9) was significantly higher and peak VO2 (15.3 vs. 17.9 ml•kg-
1•min-1) was significantly lower in the ischemic group (p<0.01). VE/VCO2 slope (33.8-
ischemic vs. 32.0-non-ischemic) and ejection fraction (32.6%-ischemic vs. 31.6%-non-
ischemic) were similar (p>0.05). The ischemic and non-ischemic groups had 44 (39 hos-
pitalizations/5 deaths) and 26 (23 hospitalizations/3 deaths) cardiac-related events.
Univariate Cox regression found the ability of peak VO2 and VE/VCO2 slope to predict
events was significant in both the ischemic (peak VO2: Chi-square = 19.1, VE/VCO2
slope: Chi-square = 20.4, p<0.001) and non-ischemic (peak VO2: Chi-square = 12.9, VE/
VCO2 slope: Chi-square = 59.4, p<0.001) groups. Multivariate Cox regression revealed
peak VO2 added significant predictive value to VE/VCO2 slope in the ischemic (Residual
Chi-square = 6.6, p=0.01) but not the non-ischemic (Residual Chi-square = 0.15, p=0.70)
group. A post hoc analysis found age was not a significant predictor of events (Chi-
square = 0.07, p=0.80).
Conclusion: HF etiology appears to influence the prognostic characteristics of well-
established ventilatory expired gas variables. Although age was significantly different
between groups, it did not predict adverse events. Development of different, etiology
based, prognostic classification schemes may be warranted when analyzing ventilatory
expired gas data in clinical practice.
1033-112 Impaired Right Ventricular Systolic Function Following 
Completion of Prolonged Strenuous Exertion
Malissa J. Wood, Danita M. Yoerger, Marielle Scherrer-Crosbie, Genevieve A. 
Derumeaux, Pamela S. Douglas, Jane E. Marshall, Arthur E. Weyman, Michael H. 
Picard, Massachusetts General Hospital, Boston, MA
Background: Prolonged endurance exercise leads to decreased global left ventricular
contractility, but right ventricular (RV) contractile function has not been assessed. We
sought to determine if subtle changes in RV function could be detected after strenuous
exercise using less load-dependent indices including strain(S)/strain rate(SR).
Methods: Baseline TTE was performed <3 weeks before (pre) and at the finish line after
(post) the 2003 Boston Marathon in 14 runners. TTE included 2-D, spectral and color
Doppler myocardial imaging. Pre and post RV areas (systole/diastole) were measured
and RV area change calculated. Longitudinal myocardial deformation (peak systolic
strain (S) and strain rate (SR)) was measured in the basal, mid and apical segments of
the RV free wall. Results: 8 males and 6 females with a mean age of 34.8+/-9.5 yrs had
a mean change in weight of – 1.1+/-2.1 kg. Mean heart rate increased from 68+/-13 bpm
to 89.5+/-15 bpm (p<0.00001). No significant changes in RV areas were observed. Base-
line RV S and SR were highest in the apex and both decreased significantly after strenu-
ous exercise. Conclusions: Despite an increase in heart rate (known to increase S and
SR) and an absence of significant RV area change, our subjects exhibited decreased
contractile function in the RV by strain rate imaging. This change was most pronounced
in the RV apex which exhibits the greatest degree of longitudinal deformation at baseline.
1033-113 Correlation of Abnormal Heart Rate Recovery 
Immediately After Exercise With Risk Markers Obtained 
From Exercise Treadmill Test and Myocardial Perfusion 
SPECT
Adriana J. Soares, Andrea De Lorenzo, Ronaldo S. L. Lima, Federal University of Rio de 
Janeiro, Rio de Janeiro, Brazil, Cintilab, Rio de Janeiro, Brazil
Background: Many types of markers have been described to identify high cardiovascular
risk. Among them, those obtained from myocardial perfusion single-photon emission
computed tomography (SPECT) have been shown to provide relevant prognostic infor-
mation. Recent studies have demonstrated a strong correlation between abnormal heart
rate recovery (HRR) at 1 minute after exercise (< 12 beats) and high mortality. This study
sought to verify the correlation between HRR at 1 minute after exercise treadmill test
(ETT) and other indicators of risk for cardiovascular events obtained from ETT and myo-
cardial perfusion SPECT. Methods: 2,189 patients (1,294 males, age 56.7 ± 10.5 years)
who underwent exercise/rest Tc-99m sestamibi myocardial perfusion SPECT were pro-
spectively enrolled; those taking beta-blockers or calcium-channel antagonists were
excluded. ETT was performed according to a symptom-limited Bruce protocol. HRR at 1
minute was obtained from the subtraction of the heart rate (HR) in the first minute of
recovery after exercise from maximal HR during exercise. Myocardial perfusion SPECT
was semiquantitatively analyzed using a 17-segment left ventricular model. Results: 13%
of patients had abnormal HRR at 1 minute after exercise. Patients with abnormal HRR
had higher resting HR and blood pressure, shorter exercise duration, were more fre-
quently unable to reach 85% of maximal predicted HR (chronotropic incompetence, CI)
and had higher perfusion defect quantification scores than patients with normal HRR.
Multivariate analysis identified age (p<0.0001), resting HR (p<0.0001), CI (p<0.005),
exercise duration (p<0.0001), and perfusion defect extent and severity at rest (p=0.01) as
independent predictors of abnormal HRR at 1 minute after exercise. Conclusion: Abnor-
mal HRR was significantly associated with known exercise and SPECT indicators of risk.
Interestingly, it was associated with perfusion defect extent and severity at rest, but not
with SPECT indices of myocardial ischemia. Therefore, abnormal HRR may be a marker
of myocardial damage.
1033-114 T-Wave Alternans Is Associated With Spatial 
Heterogeneity of T-Wave Morphology in Coronary Artery 
Disease Patients During Treadmill Exercise
Bruce D. Nearing, Peter H. Stone, Jason Cole, Richard L. Verrier, The Vascular Basis 
Study Group, Beth Israel Deaconess Medical Center, Boston, MA, Brigham & Women's 
Hospital, Boston, MA
BACKGROUND: The electrophysiologic basis for exercise-stress induced T-wave altern-
ans (TWA) in human subjects is not well understood. We postulated that TWA during
exercise treadmill testing (ETT) reflects increased spatial heterogeneity of repolarization.
METHODS: Normal volunteers (16) and stable coronary artery disease (CAD) patients
(16) were evaluated who were enrolled in the Vascular Basis study, a multicenter clinical
trial investigating the effects of lipid-lowering therapy on myocardial ischemia. Patients
were withdrawn from all anti-anginal medications for 2 days prior to performing a stan-
dard ETT (ACIP protocol). Precordial electrocardiograms (ECGs) were recorded with
standard electrodes, digitized at 500 Hz, filtered at 50 Hz, and baseline wander artifact
was removed. The time-domain Modified Moving Average analysis method, which pre-
dicts cardiac arrest or arrhythmic death in post-myocardial infarction patients on ambula-
tory ECG, was used to measure TWA. Spatial T-wave heterogeneity (TWH) was
determined by second central moment analysis of T-wave morphology. This recently pub-
lished technique computes the interlead variance in morphology over the entire T-wave
and circumvents difficulties associated with protracted or indistinct termination of the T
wave, which can be problematic in conventional QT dispersion measurement. TWA and
TWH levels were assessed at 120 bpm.
RESULTS: Baseline TWA and TWH values did not differ between the CAD patients and
normal volunteers. In CAD patients, TWA increased by 444% (from baseline 11.35±0.98
to 61.69±6.28µV, p<0.001) during ETT. In normal subjects, TWA increased by only 139%
(from baseline 14.46±1.15 to 34.54±2.95µV, p<0.001). ETT-induced TWA levels were
higher in CAD patients than normals (p<0.001). Concomitantly, TWH increased by 68%
(from 86.42±13.80 to 117.73±16.51µV) in CAD patients as compared to only 20% (from
77.29±14.14 to 84.21±13.46µV) in normals (p<0.05). CONCLUSION: Exercise-induced
TWA in CAD patients reflects significant levels of spatial heterogeneity of repolarization,
which may underlie the predictive utility of TWA in estimating risk of sudden cardiac
death.
Low fit (N=21) High fit (N=23)
HR (bpm) 62.5 ± 10.9* 56.2 ± 6.5
IHR (bpm) 92.8 ± 9.9* 85.2 ± 7.1
m 1.15 ± 0.07 1.15 ± 0.03
n 0.59 ± 0.08 0.58 ± 0.05
SDNN (s) 0.08 ± 0.03* 0.11 ± 0.03
CV (%) 7.51 ± 2.08* 10.15 ± 2.68
pNN50 (%) 28.5 ± 21.4* 44.7 ± 16.2
VLF (*10-3) 1.79 ± 0.97* 3.25 ± 2.18
LF (*10-3) 2.03 ± 1.38* 3.07 ± 1.76
HF (*10-3) 1.33 ± 1.10* 2.85 ± 2.58
Pre Post P-value
RV Basal S -19.45±4.4 -17.6±5.6 0.48
RV Mid S -24.44±3.61 -24.34±3.94 0.73
RV Apical S -32.8±4.0 -27.29±4.11 0.0013
RV Basal SR -1.36±0.5 -1.19±0.42 0.51
RV Mid SR -1.5±0.38 -1.4±0.79 0.98
RV Apical SR -2.32±0.71 -1.79±0.87 0.04
